Phosphoinositide turnover imaging linked to muscarinic cholinergic receptor in the central nervous system by positron emission tomography.
Receptor-mediated membrane processing plays an essential role in neural function in the synapses. In such neurotransmission process, the phosphoinositide (PI) response, an effector in the production of second-messengers, can be used to assess in vivo signal transduction. Using in vivo autoradiography and positron emission tomography (PET), we attempted to visualize the PI response to muscarinic cholinergic receptor (mAChR)-stimulation in rats and monkeys, which were administered 1,2-[11C]diacylglycerol (DAG) intravenously. Enhancement of 1,2-[11C]DAG incorporation was observed in the rat ipsilateral hippocampus and cortex in which mAChR-agonist was administered by local injection, but this was in contrast to spreading cortical depression in the ipsilateral cortex using KCl. In monkey PET studies, dynamic brain scanning revealed increase in activity over time for about 15 min after a bolus injection of 1,2-[11C]DAG in an awake state. The activity then remained at a constant level. This finding documented the theoretical "membrane-trapping" mechanism. The systemic mAChR-stimulation accelerated incorporation in the cerebral cortices of the same monkey brain. Radioactivity uptake did not differ significantly between the mAChR-stimulated and nonstimulated early scan images. This suggested that cerebral blood flow does not greatly affect DAG incorporation. In sequential membrane processes of PI turnover, diacylglycerol kinase rapidly metabolizes DAG, included in PI turnover. In conclusion 1,2-[11C]DAG incorporation was limited by receptor-mediated PI turnover, which can represent real synaptic transmission in neural networks.